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Abstract 
This paper proposes a new and consistent approach for estimating missing flow by analyzing data from SCATS (containing both 
flow and timing plan at junctions) and FCD (Floating Car Data). SCATS system provides flow data and timing plan at a 5-minute 
interval, while FCD  contains information of taxi  trajectories with speed and position for each vehicle at a 30-second interval.  
Two objectives are defined in this paper: 1) to summarize major methods of flow estimation and create a generalized framework 
in flow estimation, 2) to research for the possibility of improving utilization of traffic flow data, by comparing methods from 
multiple aspects, to provide accurate and reliable source for traffic research and application. 
The paper devises three consistent methods to estimate missing flow at junctions. Firstly, historical flow data of a specific lane is 
used to make an initial estimation. Flow estimation values are estimated from each single lane and normalized to further 
complement Secondly, flow values from adjacent lanes with similarities are processed to compare with the estimated lane, for 
which timing plan is applied to identify relevant control group (same turning lanes) with their relative phase time proportions. 
Proportions and flow rate from observed lanes on the same control group are normalized to make an estimation at missing lanes. 
Thirdly, the information of FCD (such as speed) is used to estimate corresponding flow value. Typically detected flow and FCD 
speed relationship is established from junction streams. This relation is then applied back to the stream to calculate traffic flow. 
Each of the methods is expected to perform under varying situations. If all the results are proved to be reliable to a certain degree, 
they can be iterated for mutual verification and consistency.  
This methodology has been applied to Changsha municipality in China. Initial results indicate that suggested methods give 
promising indication that almost all missing lane flow could be recovered using these three methods. Further research is ongoing 
to investigate specific data fusion mechanism or interchangeable data source for traffic state estimation and its quality. Further 
research will also consider adjacent junctions within a given area to understand how data and flow relationship works at the 
network level.  
© 2015 The Authors. Published by Elsevier B. V. 
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1. Introduction  
1.1. Background  
The signal control scheme at junctions is influenced by traffic flow and traffic status significantly. Especially for 
adaptive traffic control system such as SCATS (Sydney Coordinated Adaptive Traffic System), which adapt signal 
plan based on the traffic volume and saturation degree, while both factors are derived from the flow data detected at 
loop near junction. Thus, Traffic flow detection is crucial for accurate traffic state estimation and efficient traffic 
management in urban areas and on freeways. However, due to system or device failure, traffic flow obtained from 
the urban traffic control system shows frequently irregularity. For example, 5-10% on average of the available data 
from dual loop systems in Dutch freeway networks are missing or unreliable (Van Lint & Hoogendoorn, 2009). 
Similar situations exist in urban traffic monitoring systems. This fact can be further demonstrated in section 1.2 by 
using the data SCATS as a case. Reliable flow data are crucial no matter in ex-post or real-time situation; if the 
availability of flow data is not sufficient, the missing data estimation at junctions or on road section is necessary. 
Traffic flow acts as a significant role in accurate traffic state estimation and efficient traffic management both in 
urban areas and on freeways.  
Previous studies have sought to improve the quality and comprehensiveness of raw observation data from 
monitoring systems. They consider the problem from varying aspects. On the one hand, some researchers deal with 
the problem by focusing on the coherence of traffic flow on road section; for instance, Chen et. al. (2003) apply an 
imputation method to filter out bad data samples and to form a complete clean data set from single-loop systems. 
This method considers the relations of detected flow corresponding to their relative locations, and it can be applied 
in both urban and freeway networks. On the other hand, some tackle the problem by emphasizing the similarities of 
flow pattern over a time cycle, which is more commonly used; for example, Wall et. al. (2003) present a time-series 
algorithm for correcting errors in freeway traffic management system archived loop data. Except for getting 
reference traffic values directly from time or space, some use more complex way to estimate flow and achieve much 
more insight at the same time. For example, Treiber and Helbing (2002) develop an adaptive smoothing method 
based on the notions from the first-order traffic flow theory, to reconstruct and clean flow observations from dual-
loop systems. This approach has been further generalized by Van Lint and Hoogendoorn (2009) to fuse multiple 
data sources. Yuan et. al. (2012) apply a regression analysis from inductive statistics to estimate multi-class and 
multi-lane flow counts from generic freeway surveillance systems. It is based on the correlation between lane and 
class disaggregated counts. These researchers and studies involve the estimation or prediction of traffic flow to some 
extent. However the topic is seldom raised separately and comprehensively to be generalized into a framework. In 
this paper, the focus will be given on the estimation of missing traffic flow at urban junction. It follows a concept to 
estimate the traffic state by checking the consistency and generic pattern of multiple data sources, which is similar to 
the concept derived by Ou et. al. (2013) who developed a series of data fusion methods using data-data consistency.  
1.2. Research question   
The paper aims at developing a generalized and cross-compared methodology for missing flow estimation at 
junctions, using available data sources. The main research question then is: what are the good ways to estimate 
missing flow at junction when loop detectors fail? Several sub-questions are formulated as: what is the data quality 
at junctions in a traffic control system such as SCATS system? what are available methods for missing flow 
estimation? how do the methods work in missing flow estimation? 
The question of data quality will be answered in the following part of section 1; methodology the paper is 
introduced in section 2, while experiments setup of case study is given in section 3. In section 4, the results of 
experiment are provided followed by analysis and comparison. Finally the conclusion is given in section 5. 
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1.3. Data analysis  
The data used in the paper is obtained from the Changsha municipality in China. Two data sources are available; 
loop data from SCATS systems and GPS data from floating car (FCD, taxi data). The former one can provide traffic 
flow volume every 5 min and the latter one can give FCD records of speeds and positions at a 30-second-interval. 
The quality of traffic flow data from the record of SCATS system is analysed first. Detectors for SCATS system are 
implemented to junctions in Changsha city in two consecutive terms (time periods). 102 junctions are equipped with 
detectors in the 1st term (2011) and 104 junctions are equipped with detectors in the 2nd term (2013).  
The ratio of data availability at one junction is defined as number of observed data availability over a whole day.  
Fig. 1 shows sample results of the analysis of current data quality in the urban area for one day (23-April-2013) for 
all junctions. Each bar in Fig. 1 represent one dataset from a junction, the number on X-axis (1 to 102) refers to the 
junction number. The value of availability for every bar ranges from 0 to 1, in which 0 shows no data available at a 
junction, and 1 shows all detectors works well over the whole day. 
 
 
a                                                                                              b       
 
 
 
 
 
 
 
 
Fig. 1. Date 20130423 (a) Data quality for all 1st term junctions in SCATS system, (b) data quality for all 2nd term junctions in SCATS system  
It is depicted that data missing occurs at different levels, the worst case is that data from a whole day is not 
recorded. After calculation, the average rate of data availability is 51% over all the 1st term junctions and 75 % over 
all the 2nd term junctions in 2013. Since the junctions from the 2nd term have generally better data availability than 
the ones in the 1st term, test cases are picked up from the 2nd term junctions for the convenience of comparison of 
estimated data and ground-truth. And the developed methods are applied to both the 1st term and the 2nd term 
junctions for validation purposes. 
As for FCD data, in previous relative research work of the authors, the records are formed into consecutive 
trajectories, these trajectories can cover the roads concerned, and the speed or location information provided by FCD 
can be used in the paper. .  
2. Methodology  
This section presents a generic concept of traffic flow estimation followed by three specific methods (or aspects 
of the general framework, in all the sentence below, they are referred to as ‘methods’), while for each method, there 
are multiple ways of implementation. Without lacking of generality, only some part for each method will be 
introduced in this paper.   
Traffic flow (q) is defined as the number of vehicles passing through a given location within a given period of 
time. When the flow on a detector is missing, a direct way is to estimate it referring to other flow observations from 
a same system. These observations can be chosen from records over other space or time, only if they can be proved 
to have a close relation to the detection with the missing data. Another way is to consider the relation of traffic flow 
to other traffic state values, such as density and speed. A definition has been commonly used in traffic research that 
flow equals to the product of density and speed and it can be expressed by:ݍ ൌ ݇ כ ݑ. Thus, only if density ݇ and 
speed ݑ can be obtained, flow ݍ can be computed. If flow is estimated from this aspect, usually the data of speed 
need to be obtained or computed from other resources directly or indirectly.  
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To combine these aspects, a general concept in this paper is formulated. It describes how the  flow on specific 
lane may come from: directly from other observation of the same traffic states (flow) or indirectly calculated from 
other traffic states. Flow, speed and density can be observed at different location (expressed as ݈), date (expressed as 
݀) and time of a day (expressed as ݐ). While a suitable combination of them is expected to make reliable estimation 
for the traffic states (flow) at left hand.  
ݍሺ݈ǡ ݐሻ ൌ ݂ሺݍሺ݈ǡ ݀ǡ ݐሻǡ ݑሺ݈ǡ ݀ǡ ݐሻǡ ݇ሺ݈ǡ ݀ǡ ݐሻሻ                                                    (1)  
ݍǣTraffic flow;                                                                    ݂ǣǢ 
݈:  Location or position of a traffic state where it is detected;ݑ:  Average vehicle speed;  
݀:  Date or DOW (day of the week) when it is detected;                            ݇:  Density, number of vehicles per unit length of the roadway; 
ݐ:  Time (time of day) of a traffic state when it is detected;                 
          
The general concept, with its redundancy and alternative, is a main means to reconstruct or to find a missing 
value. It can make combinations fitting for multiple situations according to available sources, as long as systems or 
devices can somehow provide at least part of the data needed in this concept: Loop detectors can provide flow 
measurement at specific junction approaches or links during a given time period while GPS records can provide 
vehicle speed and trajectory at the same location but discretized time instances. Other sensors such as Camera 
(CCTV) would be able to provide trajectory travel time and section density. These sources are all related to the same 
targets ‘flow’ while reaching it differently.  
In this paper, as stated in section 1 data analysis part, the current dataset available to be conducted to support the 
general concept can be described as follows: SCATS registers flow per time interval, which offers the possibility to 
address a missing value from a historical perspective. Its timing plan links different lanes to the same signal group. 
FCD provides the speed of a vehicle. Based on the data, three methods are chosen and are applied independently and 
conjointly to estimate a missing flow. These are (1) historical pattern: the historical flow value on a same lane over 
days of week provides typical pattern for the lane and its relation to the adjacent lanes; (2) timing plan: flow from 
each turning direction within the same signal group provides reference flow rate and inter-relationship among 
junction approaches; and (3) FCD:  its speed and trajectory reflect traffic state independently. To examine the 
property of the estimation framework, each method will be tested separately, and then tested conjointly.  
 
For Method 1 – Historical Pattern 
Only the time aspect is considered. The assumption is that the historical data at the same lane could preserve 
similar flow pattern as the missing flow data. The flow observations from historical days could then be normalized 
or directly used. The equation expression of this method can be derived from general framework by only applying 
the observations of ݍin right side, while the ݍ is from different days at the same location, thus factor ݈remain the 
same for ݍin both sides, so we omit it. This method can be represented as follows:  
 ݍଵሺݐሻ ൌ ݂ሺݍሺ݀ǡ ݐሻሻ                                                                   (2) 
For ex-post analysis, there are two ways of implementing method 1 concerning the inputting flow from two 
dimensions of the historical pattern:  
(1) Use the historical info  ଵ݂ : Average value of other full observed flows from other days in a week. The 
weekdays and weekends are separately considered empirically due to their different patterns. 
 
ଵ݂ǣ ݍଵሺ݀௜ǡ ݐሻ ൌ ቊ
σ ݍ௝൫ ௝݀ǡ ݐ൯Ȁ݊௡௝ஷ௜ǡ௝אே ׊݅ א ܰ
σ ݍ௝൫ ௝݀ǡ ݐ൯Ȁ݉௠௝ஷ௜ǡ௝אெ ׊݅ א ܯ
                                                    (3) 
ǣǣǢǣǢ
ǣǢ ǣ  א Ǣ
ǣǢ ǣ  א Ǥ

(2) Use the historical info ଶ݂ǣValues from same DOW (day of week).The example expression can be seen in the 
following equations:
ଶ݂ǣ ݍଵሺ݀௜ǡ ݐሻ ൌ σ ݍ௝൫ ௝݀ǡ ݐ൯Ȁ݊௡௝ஷ௜ǡ௝אௌ ׊݅ א ܵ                                                    (4) 
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ǣǣǢǣǢ
ǣ Ǣ ǣ  א Ǥ  
Considering the application of the methods, in reality, for an on-line control approach, usually there is no access 
to the information for the upcoming days of, so only the data from previous week days are used. These two ways of 
method 1 are then revised to: (1) Use the historical info݂Ԣଵ: Average value of other full observed flows from days 
from the last week (2) Use the historical info ଶ݂ԢǣValues from same DOW (day of week) from previous weeks. The 
example expression can be seen in the following equations:   
 
ଵ݂ᇱǣݍଵሺ݀௜ǡ ݐሻ ൌ ቊ
σ ݍ௝൫ ௝݀ǡ ݐ൯Ȁ݊௡௝ஷ௜ǡ௝אே ׊݅ א ܰ
σ ݍ௝൫ ௝݀ǡ ݐ൯Ȁ݉௠௝ஷ௜ǡ௝אெ ׊݅ א ܯ
                                                    (5) 
ǣǣǢǣǢ
ǣ Ǣ ǣ  א Ǣ
ǣ Ǣ ǣ  א Ǥ

ଶ݂ᇱǣݍଵሺ݀௜ǡ ݐሻ ൌ σ ݍ௝൫ ௝݀ǡ ݐ൯Ȁ݊௡௝ஷ௜ǡ௝אௌ ׊݅ א ܵ                                                    (6) 
ǣǣǢǣǢ
ǣ Ǣ ǣ  א Ǥ  
 
For Method 2 Timing Plan 
The relations of lane locations are used. In this paper, it is assumed that similar flow rate patterns exist flow and 
these relations between lanes are resulted from timing plan. Thus turning direction/lane information as well as 
control plan from traffic control (e.g. SCATS) system is used to define similar pattern groups. The equation 
expression of this method can also be derived from general framework by only applying the observations of  ݍin 
right side, while ݍ is from different locations at the same day, thus the factor ݀remain the same for ݍin both sides, 
so we omit it . 
    ݍଶሺ݈ǡ ݐሻ ൌ ݂ሺݍሺ݈ǡ ݐሻሻ                                                                           (7) 
Two ways of implementation are defined:  
(1) Use the location info ଷ݂ ׷The first function ଷ݂ gives the estimation using the average value of all other lanes 
within the same control group;  
ଷ݂ǣݍଵሺ݈௜ǡ ݐሻ ൌ σ ݍ௝൫ ௝݈ǡ ݐ൯Ȁ݊௡௝ஷ௜ǡ௝אீ ׊݅ א ܩ                                                    (8) 
ǣǣǢǣǢ
ܩǣ Ǣ ݊ǣ  א 
Ǥ

    (2) Use the location info ସ݂: The second function ସ݂ gives the estimation using average value of the other lanes 
from the same turning direction in a same control group. 
 
 ସ݂ǣݍଵሺ݈௜ǡ ݐሻ ൌ σ ݍ௝൫ ௝݈ǡ ݐ൯Ȁ݉௠௝ஷ௜ǡ௝א஽ ׊݅ א ܦ                                                    (9) 
ǣǣǢǣǢ
ܦǣ Ǣǣ  א Ǥ

For Method 3 -- FCD 
A data fusion concept is applied from external data sources aspect. The relation between aggregated loop flow 
and FCD speed is investigated. Then the relation is applied to estimate missing flow by FCD speed value, while the 
locations and date are chosen to be the same. From this viewpoint, the general formulae has become: 
ݍଷሺݐሻ ൌ ݂ሺݑሺݐሻሻ                                                                              (10) 
For the FCD speed, it can to some extend represent the average speed of a road section, thus a fundamental 
relation is expected. Here the speed uses the same date and same position as only the flow needs to be estimated. 
The generic concept can be fully or partly used in different kinds of situations, in which there are suitable ways of 
implementation methods.  When applying the methodology into practice, their results can be cross-compared and 
118   Xiao Xiao et al. /  Transportation Research Procedia  10 ( 2015 )  113 – 123 
combined. In the case that all methods are to be used for flow estimation, an iterative process with generic formulae 
could be applied to achieve the convergence under reliable estimation, to ensure the consistent estimation and sound 
results. The three methods will be compared, while the suitable situation of each method and the iteration of three 
methods can only be discussed and implemented in the future related work. The way of iteration is firstly briefly 
introduced in this paper as follows: 
Step 0:  set οݍሺͲሻ ൌ Ͳ; 
Step 1: estimateݍଵ, and relevant weight factor for its reliabilityݓଵ; (reliability ݓଵis based on the closeness the 
estimated value using method 1 to the real value); 
Step 2: estimateݍଶ, and relevant weight factor for its reliabilityݓଶ; (reliability ݓଶis based on the closeness the 
estimated value using method 1 to the real value); 
Step 3:  estimateݍଷ, and relevant weight factor for its reliability ݓଷ and scaling factorݏଷ; (here the scalling factor 
is applied to make the flows on approach level and lane level comparable);  
Step 4: estimate q, based on averaging of each components; (equation 11) 
Step 5: calculate the total difference ∆q (1), based on averaging of each components; (equation 12) 
Step 6: calculate the convergence: (equation 13)        
ݍ ൌ ݓଵ כ ݍଵ ൅ ݓଶ כ ݍଶ ൅ ݓଷ כ ݏଷ כ ݍଷ(11) 
οݍ ൌ ݓଵ כ ሺݍ െ ݍଵሻ ൅ ݓଶ כ ሺݍ െ ݍଶሻ ൅ ݓଷ כ ݏଷ כ ሺݍ െ ݍଷሻ(12) 
ܿ ൌ ሺοݍሺͳሻ െ οݍሺͲሻሻȀሺοݍሺͳሻ ൅ ͲǤͲͲͳሻ(13) 
 
If a convergence is reached, stop, otherwise set οݍሺͲሻ equals to οݍሺͳሻand repeat from Step 1. Weighting factors 
and scaling factor would need still to obtain from data processing and experiment. 
3. Experiment setup  
In this paper, only one junction among all the 102 1st term and 104 2nd term junctions is picked up for the 
validation of the proposed methodology. The junction is located at Road Wanjiali - Road Laodong, Changsha, 
China, which is marked as ID 31616 in Changsha 2nd term SCATS system. It has four approaching directions, for 
each approach there are six lanes, from left to right, namely two left turning lanes, three straight lanes and one right 
turning lane respectively. It has a full observation on each detector of each lane, while FCD also cover this area, so 
sufficient ground truth values can be obtained as a reference for each method. The layout of the junction is shown in 
Fig. 2, it should be noted that, light blue numbers shows adjacent junction ID. 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2. Layout of a case junction in SCATS system 
Firstly, method 1 and method 2 are implemented, by assuming the flow is missing from the detector on an 
individual lane; and then their indicators are calculated by comparing the total flow on the selected approaches. The 
computation updating interval is 5 minutes. Secondly, method 3 is implemented by assuming the flow is missing on 
approach level, and indicators are calculated by comparing the total flow on approach level, too. Computation 
updating interval is 30 minutes due to relative lower records of FCD. Thirdly, to compare with method 3, method 1 
and method 2 are implemented by assuming that flows from detectors on all lanes are missing, thus every lane are 
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estimated separately and then added up to be compared with ground-truth value of total flow on the approach. The 
resolution of 30 min is used for all methods to ensure fair comparison. It should be noted that, as presented in Fig. 2 
junction layout in experiment setup, there are 6 lanes on an approach, two left turning lanes, three straight lanes, and 
one right turning lane. Method 1 can be implemented to all of them while method 2 cannot be fully applied to right 
turning lane since it does not have any group members in turning direction.  
As for the range of experiment time, data of fourteen days are selected, they are from 2013.4.15 to 2013.4.28. 
Among these days, file for raw flow data on one day (2013.4.22 Monday) is totally broken, to make the range of the 
experiment two complete weeks, data from the next Monday 2013.4.29 is used. For method 3, due to the limited 
availability data sources, only one day (2014.4.23) is chosen to do the experiment. 
The evaluation indicators are chosen as MAE (Mean absolute error), MAPE (Mean absolute percentage error) 
and RMSE (Root-mean-square deviation) respectively. They are expressed as: 
ܯܣܧ ൌ ଵ௡σ ȁݕ െ ݕ௧ȁ௡௧ୀଵ  ൌ
ଵ
୬σ ȁ୲ෝ െ ୲Ȁ୲ȁ୬୲ୀଵ ܴܯܵܧ ൌ ඥσ ሺݕ௧ෝ െ ݕ௧ሻଶ௡௧ୀଵ Ȁ݊(14) 
In the equation, estimated values are  ݕ௧ෝ   while actual value isݕ௧.  
4. Results and discussion 
The results presented in this section contain three methods and the compassion results. In first two methods,  only 
results of lane 1 over are demonstrated in figures, and others are averaged to a table.  
4.1. Results of estimation using method 1 
Firstly an example result on a lane is presented, the three figures show the performance of two ways from method 
1, they are MAE, MAPE and RMSE over all fourteen days respectively. Notice that here MAE & RMSE refer to 
average traffic count error for 5 minute period. Secondly, to show more generalized result, average results indicators 
for all lanes on different approaches are demonstrated in Table 1 
 
a                                                              b                                                          c       
 
 
 
 
 
 
 
 
 
Fig. 3. Indicators of two ways of using method 1 on lane 1 over 14 days in a month (a) MAE; (b) MAPE (c) RMSE. Notice: Red line shows 
method 1 using weekly average, Yellow line shows method 1 using same day of week 
From the MAE (Mean absolute error) results, qualitatively, no matter on which lane the flow is missing, both 
ways of implementing method 1 have given relative regular results over days of month. Method 1.1: using weekly 
average, Method 1.2: using same day of week. 
It can be seen that the trends of MAPE are similar for different approaches. RMSE (Root-mean-square deviation) 
result have given another evidence of estimation results from absolute deviation perspective. On the west and east 
approach, average RMSE on a lane is around 4 on south and north approach it is around 8 which is similar as the 
phenomena in MAE. It can be supposed that, on the north and south approach, holding a larger amount of traffic 
volume, it may provide more fluctuating flow over day of week or day of month, which gives a difficulty in 
estimation.  
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Table 1 indicators for flow estimation on a single lane using method 1, average value on each approach 
,. 
It can be seen that the trends of MAPE are similar for different approaches. RMSE (Root-mean-square deviation) 
result have given another evidence of estimation results from absolute deviation perspective. On the west and east 
approach, average RMSE on a lane is around 4 on south and north approach it is around 8 which is similar as the 
phenomena in MAE. It can be supposed that, on the north and south approach, holding a larger amount of traffic 
volume, it may provide more fluctuating flow over day of week or day of month, which gives a difficulty in 
estimation.  
Apart from this, it can be found that, the first way in Method 1 using weekly average generally shows a lower 
mean absolute error than the second way using the same DOW(day of week). This probably resulted from its larger 
amount of data input of the estimation, since for the second ways in method 1, only one data from previous week 
same day of week can be used due to the limitation of dataset. The result is expected to be better for the second way 
if they have a same amount of input as the first way. For example, if there is available dataset during a whole month, 
data of three Tuesday can be normalized to make an estimation. 
4.2. Results of estimation using method 2 
     The same as method 1, an example result on a lane over all fourteen days is presented followed by a table 
showing the average value of indicators of estimated flow on lanes on all approaches. Notice that here MAE & 
RMSE refer to the average traffic count error for 5-minute period. 
 
a                                                             b                                                             c     
 
 
 
 
 
 
 
 
Fig. 4. Indicators of two ways of using method 2 on lane 1 over 14 days in a month (a) MAE; (b) MAPE (c) RMSE. Notice: Blue line shows 
method 2 using same control group average, Green line shows method 2 using same direction from control group average. 
It can be seen from results that, MAE (Mean absolute error) shows regular performance over day of month. 
Besides, although it is not shown in the figure, two different ways of implementing method 2 have shown converse 
performance on different turning direction lane groups: using the values from lane in the whole control group seems 
perform better on left turning direction (lane 1) and only using value from lanes in same direction in a control group 
perform better on straight (lane 3).These phenomena can tell that, flow on left turning lane have less similarity than 
that on a straight lane; the flow on a left turning lane may be very different from the flow on another left turning 
lane. Method 2.1: using same control group average, Method 2.2: using same direction from control group average. 
MAE MAPE RMSE 
The approach of lanes method 1.1 method 1.2 method 1.1 method 1.2 method 1.1 method 1.2 
The west approach 2.55 3.24 0.35 0.45 3.41 4.43 
The south approach 4.95 6.19 0.29 0.36 6.70 8.38 
The east approach 1.78 2.23 0.38 0.47 2.41 3.07 
The north approach 4.95 6.34 0.42 0.52 6.93 8.99 
overall 3.56 4.50 0.36 0.45 4.86 6.22 
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Table 2 indicators for flow estimation on a single lane using method 2, average value on each approach 
 
The MAPE (Mean absolute percentage error) have shown good percentage under 10% for each approach. This 
indicates that the method 2 works well on this junction. From the figures of RMSE (Root-mean-square deviation), it 
can be read that, the method 2 works well and there are not too many differences for two ways. 
To make a conclusion, the general output of method 2 is reliable at this junction, with less fluctuation over day of 
week, which is another way round for method 1. It could be concluded that, this method may be more suitable than 
method 1 under situations that there are big fluctuation of flow over day of week .Results of estimation using 
method 3. 
Firstly, the relation of SCATS flow and FCD speed from the west approach and south approach are put together 
to get curve fittings. These are implemented by plotting the results of aggregated flow on 30 min interval and 
corresponding FCD speed on one Map, the average speed is calculated by counting FCD records of instant speed for 
every 30 minutes. A Polynomial relation with degree of 2 is assumed here to give the curve fitting . The results of 
curve fittings are then given by following figures: 
 
a                                                                                           b                                                                                                  
 
 
 
 
 
 
 
Fig. 5.two fitting curves of speed-flow relation on (a) the west approach and (b) the south approach  
     On the Fig. 5, blue lines are the fitting curves of fused SCATS flow and FCD speed, which represent the free 
flow branch of fundamental diagrams, while red dashed lines are the congestion branches of fundamental diagrams 
that are manually added due to the absence of congested data. These relations are applied to estimate the missing 
flow on approach level. The error indicators of estimated flows are as follows. Notice that now MAE & RMSE refer 
to the average traffic count error for 30-minute period. 
Table 3 performance in method 3 
Relation come from MAE MAPE RMSE 
West approach 160.58 1.26 212.51 
South approach 168.33 0.52 201.70 
 
 Then the performance of the method 3 is shown in Table 3.With relative poorer indicators, method 3 does not 
look as well as the previous two methods. However, the fitting curves inherit the data fusion concept to link two data 
sources and provide reasonable relation – in free flow situation, when flow is higher, speed becomes lower (It can be 
MAE MAPE RMSE 
method 2.1 method 2.2 method 2.1 method 2.2 method 2.1 method 2.1 
The west approach 2.12 1.90 0.31 0.31 2.78 2.49 
The south approach 4.38 3.28 0.27 0.22 5.47 4.33 
The east approach 1.68 1.57 0.36 0.33 2.19 2.09 
The north approach 7.22 6.72 0.75 0.47 9.02 8.67 
overall 3.85 3.37 0.42 0.33 4.87 4.39 
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assumed that flow on an outbound of an approach is near to free flow, although some vehicles may still in process of 
accelerating). These relations make sense in carrying out estimating flow using other traffic states. However, the 
speed used in the experiment is the average speed of FCD, which may be a reason of large deviation. Since the 
relations are the main estimation tool in this method, more precise relations can lead to more reliable results, and 
good relations calls for more precise expressions of the input speed. And these are also in further researches of the 
authors. A conclusion can be drawn that, providing the situation that little flow information can get from the system 
itself, extra data sources are useful in estimating missing flow using this method.  
4.3. Comparison of three methods 
Three methods are cross-compared in this part. All the lanes are assumed missing when applying method 1 and 
method 2, which is comparable to the situation that flow missing on approach level in method 3. It should be noted 
that, since all the flow on an approach will be assumed to be missing, the second way of method 2 using average 
value of all lanes in a control group cannot give results, so it will not be counted in results comparison. For 
validation, approach level instead of single lane level is used here. Note that now MAE & RMSE refer to average 
traffic count error for 30-minute period. 
 
Table 4 Performance of three methods on the west approach and the south approach for one day 2013.4.23 
  
It can be seen that method 1 and method 2 show good performance in estimating flow on the west and east 
approach, while they do not perform well on the south approach. This is probably due to larger uncertainty and 
fluctuation of flow pattern on the south approach. When looking at method 3, though it does not show satisfactory 
performance on both approaches, this method is theoretically sound since it establishes a relationship between two 
data sources- FCD speed and SCATS flow. The results of method 3 could still be an important reference for flow 
estimation and the method requires further investigation and tuning. Moreover, it can be assumed that, after iteration 
of three methods, the performance will turn out to be better. 
5. Conclusion  
This paper has proposed three consistent methods (aspects) to estimate missing flow at junctions. These methods 
are based on (1) historical pattern; (2) timing plan and loop location; and (3) FCD and flow relationship- data fusion 
concept. They all fall into the generic flow estimation framework presented in the methodology part. Each method 
has its own scope, accuracy, and physical meaning. From the experimental studies, some methods show better 
results than others under varying situations. It is suggested that the framework be used according to data sources 
available. It can also be expected that these methods are promising to show reliable estimation results after iteration 
process. Further research is under way to get the results and performance of the generic estimation formula by 
applying weighting factors and scaling factor derived from estimation results from the three methods. By applying 
reliable estimation methods in this paper, traffic flow data quality can be improved to some extend for further 
applications. 
 The west approach The south approach 
 MAE MAPE RMSE MAE MAPE RMSE 
Method 1.1 30.48 0.15 35.85 111.39 0.20 125.83 
Method 1.2 36.22 0.17 44.54 117.79 0.21 133.73 
Method 2.2 68.60 0.23 91.83 93.93 0.13 114.91 
Method 3 160.58 1.26 212.51 168.33 0.52 201.70 
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